Introduction: This study assessed the relative contributions of psychological, social, and environmental variables to walking, moderate-and vigorousintensity physical activity. Methods: A questionnaire was mailed to a random sample (57% response rate). Analyses used a backwards elimination logistic regression model, removing and replacing individual variables, and adjusting for age, gender, household composition, and education (N = 1827). Results: The sociodemographic and correlate variables collectively accounted for 43% of the variation in total activity, 26% of walking, 22% of moderate-intensity activity and 45% of vigorous-intensity activity (Nagelkerke R
that focus on only 1 domain, however, are not optimizing our ability to assess the maximal amount of variation. If the correlate variables are inter-related, focusing on only 1 domain could overestimate the amount of unique variance accounted for by that domain, and might lead to erroneous conclusions of strength of association. More studies are needed that simultaneously include variables across psychological, social, and environmental domains.
Studies incorporating variables across multiple domains are also needed to facilitate the comparison of their relative importance. Given the extensive range of psychological, social, and environmental correlates of activity, 4 minimal work has been done on empirically contrasting them using the same sample. 5, 6 Giles-Corti reported that exercising was more strongly associated with psychological variables, such as cognition, than either social or environmental variables, such as others' companionship and activity level and the function and appeal of the environment. 7 These multivariable studies could help explain conflicting results on the explanatory ability of correlates, and also guide priorities for practice or policies to target factors that account for maximum amounts of variation in physical activity.
Many studies have conceptualized physical activity as a homogenous behavior, making the assumption that correlates are similarly associated with the different types of activity. 8 There is some evidence, however, to suggest that walking and moderateand vigorous-intensity activity might be influenced by qualitatively different factors. 9 Males and younger people are more likely to participate in vigorous-intensity activity, while females and older persons have higher rates of walking. 10 Adopting vigorous-intensity activity has been associated with self-efficacy, while adopting moderate-intensity activity has been associated with health knowledge. 11 Sallis et al., reported that the psychological and social variables related to vigorous-intensity activity accounted for much less of the variation in walking activity. 12 Perceptions of neighborhood safety could be relevant for activities such as walking that are undertaken outdoors or in the immediate neighborhood, but less relevant for other types of physical activity. 3, 13 Humpel found that different environmental attributes were associated with general neighborhood walking, walking for exercise, walking for pleasure, and walking to get to and from places.
14 Accordingly, there is a need for correlate studies that differentiate among the types of physical activity. 5, 6, 8 This study assessed the relative contributions of self-reported correlates to variation in leisure time physical activity (LTPA). The study sought to redress the limitations of previous studies by: (1) incorporating correlate variables from psychological, social, and environmental domains and empirically contrasting their relative contribution to activity using a population-based sample, and (2) differentiating among walking, moderate-and vigorous-intensity activity, as well as total activity.
Method
The study was approved by the University Human Ethics Research Committee at the Queensland University of Technology. Survey return was taken as informed consent.
Participants
A random sample (N = 5000) was drawn from the Australian Commonwealth electoral roll current as of October 1999, which has compulsory registration for all Australian citizens age 18 y and over. The sample was delimited to registered adults age 18 to 65 and living in Brisbane, the capital city of Queensland.
Data Collection Instrument
The study used a structured self-administered questionnaire that is available from the first author on request. The questionnaire was 10 pages in booklet form, included 189 items, and took approximately 45 min to complete. Items were grouped into sections: activity-related beliefs and attitudes, previous activity experiences, social support, self-efficacy, perceived benefits of physical activity, barriers to participation, availability of recreation facilities, perceptions of neighborhood characteristics, physical activity participation, intentions to be physically active, self-assessed health and well-being, and sociodemographic characteristics.
Procedure
Data were collected using a mail survey method adapted from Dillman. 15 The questionnaires were delivered in September 2000, and accompanied by a personalized cover letter, a pre-addressed pre-paid reply envelope, and an instant lottery ticket. One week later a postcard was mailed to the entire sample, to thank those individuals who had returned their survey, and remind those who had not to do so. Seven weeks after the initial mailing, a personalized reminder letter and replacement questionnaire were sent to all nonrespondents.
Measures
Sociodemographic Variables. Sociodemographic covariates included age, gender, household composition, and education level, and were assessed using items consistent with the national census.
16
Correlates. The psychological, social, and environmental correlates (see Table 1) were measured using a battery of scales that were previously developed by the authors using both qualitative and quantitative research, and assessed constructs consistent with social cognitive theory and suggested by previous research to be associated with physical activity levels. 4 Of the 28 scales that were factorially derived, 25 have acceptable levels of internal consistency with Cronbach's alpha values ranging from 0.69 to 0.89. An additional index was used to assess neighborhood activity-related facilities such as a gym or swimming pool. The development and initial psychometric evaluation of these scales has been reported elsewhere. 17 With the exception of the index to assess neighborhood activity facilities that used a (1) "yes," (2) "no," (3) "don't know" response format, items utilized a 5-point Likert scale response format. Items assessing activity experiences, activity-related cognitions, anticipated benefits, perceived barriers, and neighborhood characteristics had response options ranging from (1) "strongly disagree," to (5) "strongly agree." Items assessing social support asked how often significant others had performed specific actions and used a response format ranging from (1) "never" to (5) "very often." Efficacy items assessing confidence to be active in specific situations used a response format ranging from (1) "I know I could not" to (5) "I know I could." Scale scores were obtained by summing across the relevant items, and then the scales were collated into eight thematic domains as presented in Table 1 . Physical Activity. Physical activity items were consistent with those used in Australian national surveys, 18 and have been recommended for use in population-based monitoring of activity. 19 Items assessed the frequency and total time of participation in walking (for sport, recreation, or to get to and from places), moderate-intensity activity (causing a moderate increase in heart rate or breathing, such as slow swimming, golf, slow cycling) and vigorous-intensity activity (resulting in a large increase in heart rate or breathing, such as athletics, aerobics, football) during the previous week. To reduce possible measurement error resulting from overreporting time, data were truncated via methods used in other Australian research. 18 The maximum "allowable" time doing any one of the three types of activity was 14 h/wk; any greater time was recoded to 14 h. The maximum "allowable" time across the 3 activities was 28 h/wk, any greater time was recoded to 28 h.
For each type of activity, the total time (in minutes) was multiplied by an intensity value of 3.0 METs for walking, 4.0 METs for moderate-intensity activity, and 7.5 METs for vigorous-intensity activity, where a MET is a measure of metabolic equivalents. These intensity values were derived from published MET values for actual activities reported by men and women in response to questions about moderate-and vigorous-intensity activities and have been used in previous Australian research. 20 Walking, moderate-and vigorous-intensity energy expenditure were then categorized into dichotomous variables using zero as the cut off. Respondents were categorized as participating in "none" or "some" each of walking, moderate-intensity, and vigorous-intensity activity during the preceding week. To measure total activity participation, the time and MET product scores for walking, moderate-and vigorous-intensity were summed to provide a total energy expenditure score for the preceding week. As the distribution of this variable was not normal, and unable to be improved by mathematical transformation, it was converted to a dichotomous variable based on the criterion of ≥ 600 METs/min as adequate for health, which reflects 30 min of moderate activity (4 METs) on 5 d of the week, and is consistent with Australian guidelines. 21 
Analyses
After excluding nonusable returns (e.g., return-to-sender, left address etc.) a final response rate of 56.7% (2532/4465) was achieved, with 2537 surveys returned with data, 525 marked as returned mail, 104 returned blank, and 26 classified as ineligible (e.g., persons with cognitive disabilities, non-English speaking persons). Five cases were excluded from the analyses as accompanying letters indicated that the questionnaires had been completed by someone other than the intended recipient. Among the returned surveys, 15% of respondents had incomplete correlate data and 28% had incomplete physical activity data. Detailed analyses of the sociodemographic pattering of item nonresponse for the physical activity items has been reported elsewhere. 22 Less than 4% of physical activity data required truncation, with 2.8% truncated on one activity item, 0.8% truncated for two activity items, 0.1% truncated across all three activity items, and 0.5% subject data truncated for the total activity time. Data were complete for variables of age and gender, and 1.6% of respondents had incomplete data on household composition and 2.5% provided incomplete education data.
Analyses were conducted using SPSS version 10 (SPSS, Inc., Chicago, IL). Descriptive statistics were obtained to profile the sociodemographic characteristics of respondents, and where possible, compared with data from the national census. 16 The interrelationships among the 29 correlate variables were examined using Pearson correlation coefficients. The independent contribution of the variables to unique variation in LTPA was assessed in a backwards elimination logistic regression model, adjusting for age, gender, household composition, and education. Regression analyses were conducted separately for walking, moderate-and vigorous-intensity, and total activity. Each of the eight correlate domains was removed from the full regression model, and the change in the variation accounted for was examined using the Nagelkerke R 2 , which is analogous to the R 2 in ordinary least squares regression in that it provides an approximation of the explained variance for a logistic model. 23 Values of the Nagelkerke R 2 range from 0 to 1, where 0 indicates that the independent variables have no usefulness in predicting variation in physical activity. The domain variable was then placed back into the full regression model and another domain removed to examine the change in the variation accounted for. Analyses were repeated to individually remove and replace each of the 29 correlate variables for walking, moderate-and vigorous-intensity, and total activity. Table 2 presents the sociodemographic profile of the survey respondents, the analytic sample, and available comparative data from the Australian census. 16 The analytic sample comprised 1827 persons between 18 and 65 years of age, who were registered as living in Brisbane, Australia in 2000, and who provided data on all the relevant physical activity, covariate, and correlate variables. The analytic sample was very similar to the respondent sample, with the exception of having a lower proportion of people engaged in walking, moderate-and vigorous intensity activity, although the proportion of people sufficiently active for health was comparable with the respondent sample.
Results

Sample Profile
Inter-Relationships Among Correlates
With the large sample size, the majority of correlations were significant at P = 0.001. Eleven pairs of variables had correlations greater than 0.50 (absolute value) indicating at least 25% shared variance. The strongest correlation was between selfschemata and habit (0.73). Other correlations above 0.5 were between disinterest and self-schemata (0.60), efficacy and habit (0.59), barriers of low personal functioning and low skill (0.58), the barrier of low personal functioning and physical health (-0.56), disinterest and habit (-0.55), efficacy and self-schemata (0.54), competition and self-schemata (0.52), poor time management and efficacy (0.52), and benefits of improved appearance and efficacy (0.52). A table illustrating the correlations among the 29 correlate variables is available from the first author on request. Table 3 presents the amount of unique variation accounted for by each of the correlate domains. The full model with covariates and the correlate domains accounted for 45% of the variation in vigorous-intensity activity, 43% of total activity, 26% of walking, and 22% of moderate-intensity activity. Without the covariates, the correlate domains collectively accounted for 40% of the variation in total activity, 35% of vigorous-intensity activity, 24% of walking, and 16% of the variation in moderate-intensity activity. Individually, the correlate domains accounted for 0.1 to 4.1% of unique variation in each of the different types of activity, with activity history, efficacy, and anticipated benefits having relatively higher values across the activity types. The contributions of health, perceived barriers, and social support were relatively higher for vigorous-intensity activity than the other activity types. Anticipated benefits contributed more to vigorous-intensity and total activity. Cognitions contributed more to walking and total activity. Environmental variables contributed least to vigorous intensity activity. within the different types of activity. Habit, self-efficacy, and social encouragement contributed relatively greater amounts of unique variation within each type of activity. Discouragement contributed to more unique variation in both total and vigorous-intensity activity than to other activity types, while anticipated social and weight management benefits contributed more to moderate-intensity activity. Physical health, anticipated competitiveness, and time management barriers contributed to more unique variation in vigorous-intensity activity than to the other types of activity. Neighborhood aesthetics contributed more to walking, and the barrier of family obligations contributed more to total and moderate-intensity activity.
Independent Contribution of Correlate Domains
Relative Contribution of Correlate Variables
Discussion
The combination of sociodemographic covariates and psychological, social, and environmental correlates accounted for 43% of variation in total activity, which is favorably consistent with other studies. 8 The combined correlate variables accounted for different amounts of variation in walking, moderate-and vigorous-intensity activity, and total activity. A greater amount of variation was accounted for in vigorous-intensity (45%) and total activity (43%), compared with walking (26%) and moderate-intensity activity (22%). This is consistent with previous research reporting correlate variables accounting for much less of the variation in walking compared with vigorous-intensity activity. 12 Given the similarity in the variation accounted for, studies using total activity as an outcome might therefore be reflecting vigorous-intensity activity, rather than walking and moderate-intensity activity. Individually, the correlates accounted for very small amounts of unique variation (0 to 4%). One explanation for this is that the correlates were strongly associated with each other and contributed shared variation. Analyses of the inter-relationships however, indicated most had less than 25% shared variance. The results of this study contribute to other evidence suggesting that walking and moderate-and vigorous-intensity activity could be influenced by qualitatively different factors. 9 Although activity history, efficacy, and social support contributed relatively higher amounts of unique variation, the relative contribution of these and the other correlate variables differed across the types of activity. For vigorous-intensity activity, physical health, discouragement, anticipated competitiveness, and time management barriers also contributed relatively high amounts of unique variation. For moderate-intensity activity, anticipated social interaction and weight management benefits contributed relatively high amounts of unique variation. Neighborhood aesthetics contributed to more unique variation in walking than to other types of activity. Consistent with Giles-Corti, environmental variables accounted for relatively less variation in activity compared with psychological and social variables. 7 These results could be interpreted in several ways. First, it might be that walking, moderate-and vigorous-intensity activity are in fact influenced by different factors. It seems plausible that as the different types of physical activity have varying characteristics, demands, and contexts, they are therefore subject to different influences. Research focusing on walking as a means of active commuting for example, has highlighted the role of neighborhood variables previously unrecognized in the vigorous-intensity physical activity literature, such as urban design, street connectivity, population density, and mixed development. 24 An alternate explanation could be associated with how the respondents conceptualized physical activity when responding to correlate assessment items. The questionnaire instructions provided a broad definition of physical activity as "including things like exercise, competitive or friendly training, swimming, walking, and cycling." Respondents, however, might have adopted a more narrow and traditional conceptualization of physical activity that approximated vigorous-intensity exercise. The similarity between the amount of variation accounted for in vigorous-intensity activity and total activity would support this interpretation. Dishman proposed that differences in the amount of variation accounted for between vigorous-intensity and walking activity could be explained by measurement error. 9 Because of its more incidental nature, self-reported assessment of walking and moderate-intensity activity has lower levels of reliability and validity than vigorous-intensity activity. 25, 26 Common types of moderate-intensity activities include walking at work and for exercise, household and garden chores, and conditioning activities. 25 In the present study, however, physical activity associated with household and garden chores and occupational settings was not included in calculations of energy expenditure as there is limited research on the self-reported validity of these activities. 18 By excluding these types of physical activity, our measurement of moderate-intensity activity might have been compromised and contributed to the comparatively lower amount of variation accounted for.
These interpretations could also explain the variation in physical activity not accounted for in the present study; in particular for walking and moderate-intensity physical activity. Both respondent interpretations of "physical activity," as well as measurement error for the correlate and physical activity variables might have contributed to unexplained variation. In addition, the range of correlate variables assessed in this study was constrained to those assessed by a battery of scales developed by the authors. 17 These scales were designed to be relevant to physical activity other than vigorous-intensity exercise but could not have been exhaustive in terms of the range of correlate variables measured.
Methodological Limitations
When interpreting the findings of this study, consideration needs to be given to a number of methodological issues. Data were based on self-report, which is prone to bias and measurement error 27 that can result in an underestimation in the level of physical activity both among sedentary populations and for walking. 28 Self-report physical activity data are, however, pragmatic for large samples and considered appropriate for population monitoring, 28 and are reliably associated with morbidity and mortality outcomes. 29 While there are objective data collection methods for some correlates such as environmental variables, we are reliant on self-report data for psychological correlates, such as self-efficacy. The generalizability of these results might be limited by errors associated with the sampling frame, mail survey, nonresponse, and exclusion of cases with missing data on the relevant variables. The sample was drawn from the electoral roll, which can underrepresent transient, migrant, younger, and socially disadvantaged individuals. 30 Mail methodologies could yield less complete data than interview studies, 31 with both survey and item nonresponse more prevalent among individuals of low socioeconomic position. 32 A comparison of our sample profile with census data 16 suggested an overrepresentation of females and university-educated individuals, and an underrepresentation of people 18 to 34 years of age. Results might therefore be less applicable to young adults and individuals of low socioeconomic position, and a detailed examination of these groups could yield different relative contributions of the correlate variables.
Implications for Research, Practice, and Policy
Understanding the interplay of psychological, social, and environmental influences on health and health-related behaviors such as physical activity, represents a key research need to direct more policy attention to health promotion. 33 By understanding the relative contribution of the different correlates, interventions can be tailored to focus on factors that account for maximum amounts of variation, thereby optimizing their impact and cost-effectiveness. Interventions targeting a particular correlate might be more relevant to one specific type of activity. The results of this study suggest that correlates associated with a total level of physical activity sufficient for health are habit, self-efficacy, and social encouragement. Change programs to promote physical activity generally could therefore involve strategies that aim to regularize participation, enhance confidence (which might be related to other variables such as skill or time management), and enhance social support from significant others.
Promotion of vigorous-intensity activity should acknowledge additional correlates of physical health, social discouragement, anticipated benefits of competition, and time management barriers. Change programs could, therefore, be more likely to be adopted by people who report good health, have few social barriers to participation, enjoy a level of competitive physical activity, and have flexible time organization. Health constraints, low social support, a dislike of competitive activity, and competing time demands might be barriers specifically relevant to participation in vigorous-intensity activity. Strategies for moderate-intensity activity and walking could promote anticipated benefits of weight management and social opportunities, and include urban planning policy that promotes "aesthetic" neighborhoods characterized by pleasant walks, personal safety, well-maintained paths and lighting, and opportunities for social interactions. The relatively low contribution of environmental variables compared with psychological and social variables also suggests that intra-personal correlates should not be overlooked by "upstream" change programs targeting correlates more distal to individuals such as the physical environment. Instead, the different types of psychological, social, and environmental correlates should be seen as a complex interplay of multilevel factors that needs to be better understood to promote physical activity.
To improve conceptual models, future research should identify the correlates of specific types of activity rather than global activity levels. Multilevel studies that take into account area-level variables and environmental constraints and facilitators, or use objective measures of environmental variables could also enhance predictive ability. More in-depth qualitative studies designed to specifically identify the barriers and facilitators of physical activity might be useful to assess those individuals typically excluded in quantitative research, such as individuals of low socioeconomic position. Traditionally, much physical activity research has focused on vigorous-intensity activity, and the results of this study suggest that this evidence base could not be directly generalizable to moderate-intensity and walking activity. Accordingly, more research is needed to understand the correlates specifically associated with walking and moderate-intensity activity. It might be worthwhile in some contexts to conceptualize walking and moderate-intensity activity as similar to each other and dissimilar from vigorous-intensity activity. Data for walking and moderate-intensity activity could therefore be combined to consider physical activity other than vigorous-intensity exercise.
More studies are also needed to examine the reliability and validity of selfreported walking and moderate-intensity activity so that the contribution of measurement error to differences in the amount of variation accounted for by correlate models is minimized. In the current study, participants were asked to respond to a series of correlate items about "physical activity," which was broadly defined to include walking, moderate-, and vigorous-intensity activity. An alternate approach would be to obtain responses to correlate items for each type of activity separately, and then compare the relative importance of the correlates. This method, however, would markedly increase subject burden.
Conclusions
Comprehensive models that integrate psychological, social, and environmental correlate variables are more likely to reflect the many factors associated with physical activity and the varied opportunities for intervention. To better understand the explanatory power and relative importance of these factors, there is a need to focus separately on the specific types of physical activity, in particular differentiating between vigorous-intensity and moderate-intensity or walking activity. Policies and interventions aimed at increasing physical activity might need to address different variables to acknowledge the relative contributions made to vigorous-and moderate-intensity activity, and walking.
